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@ DSgltal data buffer storage system. 



(§)• A bijffsr for Fiorina data words consisting of 
Siivsrs: storage iccations togeti-,c-r witii circuitry pro- 
vidinc; a ^irst inciicstcr that dssignatss the nsxt stor- 
aqs.; :oc&r.;c:-'-: ;o be isjored Into, 3 second indicator 
e6s.o.f>i>^i ; e iJicao-.! coation ;o i:e retrieved 

ticns avaiiabis for storage and the number of ioca- 
tions svaiiabis tor retrieval Tine bufisf inciudes tiis 
capabHity to store snd rstrievs severai data words 
^ sirr-ultaneousiy. 
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mmiAL DATA SUFFER STORAGE SYSTEM 



The present invsntion fslatss to data procsss- 
ing systen-is, and i;i psrticySsr to buffers for tsrr.- 
pcrarsty storing data. 

Data prGces^irsg siysjesrvs perfcrm their func- 
tions by moving data and performing operations en 
this dats. Often it it necsssa-y to tsmporarliy stora 
data t!>at is being t-ansfsrrsd from one devics to 

CoiTiiTicniy, buffers are use to stors severai data 
words at a time. 

Buffer managsment requires tiiat the iocatlon 
of data stored in the buffer ba known. Spscificaiiy 

tier, previously stored must be known. Furtherm-ore, 
there must be s capability for deteririining wi^sn 
the buffer is fuii or empty. 

One type of buffer tfiat is quite comnionly used 
in data processing systems is termed a circuiar 
b!.!ffsf or circular queue, iii a circuiar queue, there 
is no bcttOiTi or top to the queue bat tins queue 
positions are circular in arrangesTient. A circuiar 
qustis may contain any nu-rnosr of storage posi- 
tions. The managemsnt of the circuiar qusue rs- 
qusress that ths "hssd" and "taii" of the queue 
must be known. The 'msd is ths next positicn in 
ths queue that is to be writtsn into. The tail is the 
next position of the queue inat is to be .read from. 
The tail of tha qusue mast siways foilow ti^s head 
of the queue. However, ths head of ths qiisue 
shouid nsver lap the taii of ths queus, 

in general, ths head of ths queue is pointed to 
by an "inkey" pcinter. The tali of the queue is 
poi.ntsd to by asi "outkey" pcSnter. A capability 
must i2e provided to insure that the inksy pointer 
doss not lap ths outksy pointer. 

U. S. Patsnt 3,771,142 entitied "Oigital Data 
Storage Systsn-r" disciosse a circuiar queue that is 
used to store data for severai input-output devices. 

iBM Tschnicai Discicsurs Suiistin, volume 20, 
numW C~-January7~13?8r?ag8s 3309-3310, en- 
titied- "Data Management in a Circuiar Biiffer", dis- 

6243, sntiiied "Moduiar Suffsr Allocation Cont'oi 
LQgiC^ ^ discloses drcuitry tor ccntrciiing^^ ^^'^t^^ 

i.^dicaticn of whsn buffers ars evgiiabia for read 

Buiietin. voiums 20, number vO. M.^rch. 1978, page 
4130, smitisd,"FiFO Qusus Edit M8Chanism", dis- 
cioses a tschniqus for prsventing the head pointer 



from wr^ping the tail pointer. 

A current trend in data processing is that of 
paraiiei processing, in paraiiel processing several 
data opsrations are conducted simuitansousiy. 

5 Such an environment places unusual dsmands on 
other siejr.ents in the data processing system, 
such as data buffers or data queues. 

it is an obleot of the present invention to pro- 
vide a dynamic buffer that is capabis o? performing 

?c 3. multiple of data reads or data wdtss in a sii?gie 

?5 tor designating xhB next storage iocaiion avaiiabie 
f.'-om, and means coupied to ti'se buffer store, said 

in the p-feferrsd embcdim-s-nt, ths buffer is a 
circular queue. The circuiar queus includes an in- 
25 key pointer for indicating the naxt storage location 
to be stored Into and an outl<ey pointer for indicat- 
ing the next storage location to be retrieved fro:ri. 
Further central circuitry Is provided that includes 
the m8a.ns to simultaneousiy compute from ths 
30 inksy and outksy pointers and ths queue size, the 
number of empty buffer locations and the number 
of fuil buffer locations. These computations are 
used by the controi clrcust to provide simuitaneous 
storage or rstrievai of severai data words. 
35 The preferred embodiment wiil now bs de- 
scdbed, by way of exampie, with reference to the 
. accompanying drawings, in which: 

Figure 1 is a block diagram, of a data buffer 
.Figure 2 is a block diagram of buffer controi 
40 circuitry that provides simuitsnscusiy the nomber 
of buffer positions available for storage and the 
number of buffer locations fiiisd; 

Figure 3 Is a flowchart .representing the com- 
■:-jtaticnai fiov/ of tine e?T;bodlrT-;snt in i^igure 2; 

Figure 4- is a second embodiment of the 
buffer controi csfojitry that computes the nombsr of 
avaiiatjia and ths r^umber of filled buffer locaticn.s; 

Rgure 5 is a flowchart iiiustrating the ccm- 
putstlonai flow for the circuitry in Figure 4; 
50 Figure S Is a tnird wmbodiiTsent of the buffer 

oontrci circuitry svherc-in ti"* number of bu^er loca- 
tions Is a power of 2; and 

Figure 7 is a flowchart illustrating the com- 
pufationai fiow for the circuitry in Rgure 6. 



2 



3 



gP 0 321 S8S A2 



4 



The prasssit systssT! r-aiatss" to s bufrsr that 
prc-v;de3 a te-iTipcfsry storage of data words. One 
. - <-v,-. vS. ^ - so- i^-^^^r s irat * ,c ovides 

dsta words dudng s single procsssing cycis. This 
featurs iS very imponant for paraltei processing 
systems. This snadies the parallsi processing sys- 
tefrss to store or retrievs simustaneousSy data words 
that ara being used in the differsrst data prccessing 
Goes-aticns that are being conducted simultansous- 

Figure 1 is a biock diagram that iliustrstss the 
gmbodimsnt of ths present invention, in Figure 1 .. 
and instn.!ction cache 10 provides th& tamporariiy 
storsge of a largo number of individisai instructions 
for execution by « data processor. These instruc- 
tions ars treated oy ths biiffef as data y«rds. : he 
instruction cache tO provides a.'" output over lino 
22 to 3 muitlpioxor 16, Ths purooso of the mui- 
tipiexor 16 is to rs-coive siniuitaneousiy tro?T^ the 
instruction cschs 10 ssverai instructiona or data 
word-s which are then specificaiiy aligned by an 
inkey poi.nter and ths available storags in buffer 20 
tor paraiiel transfer across lines 24 into the buffer 
20. A buffer cont'o! circuit 12 provides *e control 
signals on line 2S is tine [nstrucaon cachs 10 to 
sniUat® ths IntorrrjatiQn transfer across lines 22. Line 
S inciudes contj-ci signals from ths buffer control 12 
to multipisxor 16 to ailon the instruc^ons in accor- 
dance with the lni<9y and the available storage in 
buffer 20. Ths bufrsr control 12 further controis 
storage oe informatics on ths paraiiel lines 24 to 
buffsr 20 with control signals tr3ns.T:ittsd to buSsr 
£Q on iins 2S. 3uf?sr 20 provides an output of 
several data svijKis simuitsnsousiy on line 30 to a 
o^>-^ ' - ■• r!d..'it3ins f^s crofe. 

:hs -s: . ,-,c buffor. In other words, the 

instructions ^trsat wars first read into the buffer 20 

in/first out n-isnner, Ths output from multipisxor 18 
is providsd on linss 32 lo rscsiving logic 22. in ths 
preferred efnbtxiirnonr, ths instnictions that ate out- 
Dut from bur^e;' 20 are provided to instruction intsr- 
ioci< icgic iTe. b.ock 22) for further prsprocsssing 

othe-r words, the buffer control circuit 12 •rscsuces 
an !ni«sy pointer pointing to the first buffer iocsticn 
in buffer £0 that is avaiiaoio for storsgo of a data 
word. Suffer contsx-l circuitry 12 further includes an 
outksy pointsr that points to the first avaiiabie buff- 
er location in buffer 20 that contains data to bs 



read from buffer 20- 

Circuitry 14 o? buffer control circuitry 12 coni- 
putes ths nun^ber of empty buffer location in buffer 
20 and the number of filled buifer locations in 

5 . buffer 20. These computations are acco.Tsplished 
simultaneously. Further, bufisf control circuitry 12 
includes additional oircuitry to ensure that ths inkey 
and outioy pointers are appropriately incre,n^entsd 
and that the inkey and ouii-<ey pointers do not svrap 

10 around each other. 

rsgurs S rspre-sents ths circuitry In block 14 
(Figure 1) that provides the rsumbsr of empty loca- 

in the queue. Referring to Figure 2, latch 5C stores 
f5 the cutkey indicator. Latch 52 stores tns Inksy 

sixe of the qusus. An invefter S4 is connsctod to 

snvsrfer 56 is connsctsd to ths output of ihs inkey 
20 latch key 52. The output of invsrtsrs 54 snd 5B 
together with the output of iatonss SO, si and 52 
are provided to four adders SS, 60, 62 'iOd 6^^^ as 
indicated to provide -s's complen^erri inputs. Ths 
carry input to adders 58. 30, 62. and 64 ;i,s., carry 
25 r nes SC C-s- i.-^ ' - 

■ cotT^plement operation, Addsr 58 psdcriT^s the 
sdthnnstic conioutation of subtracting the Inkey in- 
dicator stored in latch 52 frosr! ths cutkey Indicator 

so stored in las:h SO, Adder SO likewise subtracts ths 
Inkey indicator in latch S2 from the outkey indicator 
in latch 50 and adds in the <iueus size fra;r, latch 
SI. Adder 62 subtracts the outkey indicator froo"! 
latch 50 frcm the inkey indicator in latch S2 and 

55 adds in ths queue size from latch 51. Adder 64 
subtracts the outl<ey indicator from latch 50 from 
tie Inicsy indicator from iatch 52. The output from 
adder s's and 60 are \npui to a multiplexor 66 
which provides either the output from adder 58 or 

40 the output from adder 60 to latch a 70. The con- 
tents of a iatch 70 represents the number of empty 
iocatscns in ths queue, rvtultlpiexor 36 is oontroiied 
by line 30 which provides a signal indicating the 
cutout of an gxciusive 0F»^ oporatibn between the 

45 inksv vyrsD iridicator and ths outkey wrap indicator. 
Ukewise n^uitlplsxor S8 is connscted to adders 62 
to and 64 and provides the output from either 
addsrs 82 or 64 to iatch 72. The content of latch 72 
repr8ssr;ts the nurc\bBr of full Iccaions in the 

50 qusus. Muiljpisxor 6S is also coniroilsd by line 90. 

Tsie wrap indicators for the outksy and the 
ln;<sy merely rsprssant the reiativ© iocstsons of the 
pointers with respect to each other. In other words, 
since a non-circular address sequence is used by 

55 the pointers, the wrap indicator indicstes whether 
one indicator is wrapped around the queue .'slaisve 
.to the other indicator, in the normal operation tns 
inkey would be incremented before the outkey is 
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sncrsmented, SxcepS svhen ths queue is afrspty.. the 
inksy indicator wouid b« nurnoriosily greater than 
ths outksy bdicalor. However, since the qusus is 
operating in s cis-cuiar fashicn, it is possible that the 

tor. in suGii a circumstsnce, it wouid appesr that 
ths inkey inaicator vyas incorrect. The wrap indica- 
tor tor both tins ini^ey and the out:<8y pointers 
msrsiy provides a rrssans to detsrmif-s that eucii 
inconsistsncy has not occurred. 

For an sxampiO. inioaliy both ths inksy and the 
cutksy pointers are 0, The qusus is empty. For a 
queue or size H, and if rsCthLng is rsmoved from 
the qus-us. the snkey will be incrsirismsd as sntriss 
are inad®. Evsntuaiiy. ths snKsy wiiS i3s incresr-snt- 
sd bsyo.nd N-t and back to 0 where the outkey h&s 
remained. However, the wrap indicator for the inkey 
wi)i be set to 1. The outksy wrap indicator rsmains 
0. This condigon indicates that the queue Is fyl! and 
tj-o qui?ue cannot sccept nsv*' entries u.-itii some 
are removed- As 6.ntries are rsmoved tVom the 
queue, ths outkey is incresr^ented by the appro- 
queue, the out!<3Y indicator v^iiS eventualiy be inc'e« 
■Tisntsd to wrap around to 0. TiV5 position where 
the Inkey rssTsains. The wrap indicator for ths out- 
k<3Y mil than be set- Thorsiore, the wrap i^ey for 
the inkey indicator and '00 wrao indicator for the 
ootfey indicator wouid both bs equai. indicating 

The operation of ths circuitry in Rgurs 2 is 
the caiculatlcn of adcers 53< BO, b2, and 84 ars 

wrap indicators not considored. Therefore, reterring 
to bioci< 1CQ< variables .A, 8 and G are ccn-sputsd. 
Varisbie A is the subtraction ot the inKey from and 
outkey performed in adder 58. Vsriabis B is tiie 
computation invoiying the subtraction of the inkey 
from ths outkey and the sddrtion of ths qusus siso 
parfcrTisd in adder 60. Tn-i- &<ciusive OR operation 
resijils in Variabis 0, in decision Block 1Q2, if 
Variabie C is equai to 1 , the numper of aii srr.pv^ 
iccaticns in the queue sre set equai to ,A in Stock 
1Q4, if 0 is ecuai to sero, this number is said equai 
to Bin Stock 106. 

Likewise, Biock 10S represents tiie corr^puta- 
tions cf Vadabies D and E. Variable D is the 
subtraction of the outkey in the inkey peffofmsd in 
adder 54. Variable E is the subtraction of the 
outkey in tno inkey indicator and the addition of the 
Qu-jus £s2e as psrfcrn^ed in adder 62. The Variabie 
C used in decision Biock 11 Q is the sa5r.e that is 
computed in Bicck iOO. if C is equai to 1, the 
nuniber of tyli i:>iiff&rs is the Varisbie S ir? Bicck 
112. i? G is 3q;.:a: to 0, the number of fuii iocations 



is set equai to ths D Variable in Biock 114. 

be equai to minus 3, S wiii be equal to 2 end G wi:; 
be 0, Therefore^ ttie number of i>rr;pt^,'• iocations vviii 
t)S equai to 8 or 2. Variasiyies D and c would Ps 
equai to 3 and S respeotfuiiy. Sines C is 0, the 

provide the nu.Tiber of empty iccaticns and the 
number of full iocations is iiiostrat'^d in P'isure 4. in 
Figure 4 the wrap indicators for t.ne ouikay and 

75 inkey counters have been iiiusl^atsd as been sepa- 
rated from the iatches from the outkey ar^d Inkey 
pointers. The outkey wrap indicator 120 and the 
outkey pointer iatch 122 provide inputs to adder 
144 and through inverter 134 to adder 142, The 

23 inkey wrap indicatof I2g and the inkey pointer 
latch 130 provide inputs to adder 142 end through 
inverter 140 to adder 144. Queue size is stored In 
iatch 124. Note \h&i the most sIg.niSoant bit position 
of the queue sise in iatch 124 is inverted by 

25 inverter 132. The queue size with ths inverter most 
significant bit is provided to jr:ultipisxors 13S and 
138. A .zero correction value in iatch 12S is also 
provided to muitipiexors 136 and 138. Multiplexors 
13S and 138 are oontroiied by line 1SS whicii is the 

00. Exclusive OR of the ini<8v wrap insicator 123 and 
the outkey wrap indicator 12Q. The output of mui- 

-^utriox-"' 'Cc\ wCvOS- - d"-' 4~ "re 

35 representing the nu!T:ber of iuii locations in the 

150 to represent The numiser cf sii en^ipty iocations 
in the queue. Note that the most significant bit 
position cf the ootout trom adder '44 is inverted by 

40 invsrtsr 14S before it is provided to the iatch 150, 
Figure -3 represents ti-is ccrnputstionai flow per- 
formed by ths circuitry in Figure 4.. in Biock 152, 
the outkey and inkey variaoiss both include the 
outkey and the ioKsy wrap indicators. Ths com- 

45 potations for the VeriaOie C is computed as before, 
i.e.. ths Exclusive OH of the outkey wrap key 
indicator with the inkey wrap indicaior. in oscision 
Step 154. it is determined if C ;$ equal to 1. if not 
the coiTseticn factor is set squsi to tins queue sise 

so with ths queue sise most significant bit invefted i;^ 
-Step 158. if C is equai to 1, the correction factor is 
equai to the contents of iatch 126 (Figures 4) wh^ch 
is Q. In Step 160, the Variabie A is ccrt^putec wnich 
is equai to the outkey indicator minus the inkey 

S3 indicator piiis ths corrections factor, irs Step 162 
the number of aii unoccupied buffer iocalions are 
set equai to A with the most significant bit inverted. 
In Step 1S4, the correction factor is to be set ss in 



4 



SP S 321 S83 A2 



Step 1S4. In Stsp 168. the correction factor is set 
fc 0, in Step 166: correction -'actor .isl equal to 
tiis qusus $i2S witii tiie qusua size most signjficar^t 
.erc^ ^ ? 0 T w .-'CO'- 0 

icr minus tii3 outKgy incioator pius iiis correction 
factor. 

rlqure 6 iiiustrates s tnirci errsbociment wherein 
the GLieus si^e is required lo be equal to a number 
tnat is 3 pcv^'«;r of 2. Rgurs S is Similar to Figure 4 
e:<cspt that the corrsction factor is not rsquirsd for 
She ccrnosjtatiOii. 

frcr-n the circuitry in Figure S> in Figure 7, biccic 
17S provides the kii^ey. outicsy (with thsir respec- 
tive wrap indicators ^nc^uded) and con'iputes the 
variabie C as before, rr-"-:- Vsriabis .A is con^putsd 
in Block ISO £3 j3«iP.s cuti<ey 'Tiinus tr^e inkay 
indicstors, Th9 most significant bit of A invsnsd 
and is provided in Slock 182 as being -.he rain-sber 
of buffer positions that srs smpty. Ths Variaoie S 
is computed In Siock 1S4 and is equal to the ififtey 
indicator minus th« ou&ey indicator. This is pro- 
vided as tl-(S nurribsr of bu^er position that are 
occupied. 



iooetion to be v^ritten into; 

providing a second indicator defining the nd';<t stor- 
age location to bs rsad frorrj; 
providifig s third indication defining the number of 

5 storage iocstions svsiiabis for storage; and 

in rssponss to the first, second and third indica- 
tions, reading or writing a piu^aii^/ of data V'-ords 
from cr ir^o a cluraiity of ssid storage iccsiions 
simuitanecusiy, provided that, for writing, sue!-? io- 

70 cations are avaiiabig. 



Claims 

1. A cigitai data Puffer storage system inciud- so 
ing s buffer store Having a piuraiity of storage 
iocstions, means providing a first indlcstc-r des- 
iof^itin-:; 5hs? ris-xl :?to--T;g6 iccaticn avaiiabi© to be 

j'.a a second indicator 
designating the nsxr location to be read from, and 35 
rsapi .0.".: -o to . . - <^ t. e sa>c - rst means . 

neLr^'X-rJr c ^=,te c a ... 3,.t. o* stxage 
iccations avaiiaiDi© for said read or write as defined 
by the first and second indicators. *3 

2. A storage systesr. according to ciairr. 1 in 
which the number of said avsiiabie storage ioca- 
.tions is less th^ the storage locations in the buffer 
store. 

3. .» .storage system according ro claim lor 45 
claim 2 including means for providing an indication 

of the avssiabis~'stGrag« locations and ti^e number 

ocaacra >v . n- ^ i v.s " ^ > 

5. A systerr! according to any of the previous 
claims in which data is stored In th-s ouffsr s-io-e m 
a first-in-flrst-ciit fashion. 

S. A method of storing data words in a buffgr ss 
stors having ^ . a t^ or storage locations, com- 
prising ths steps of: 

providing a tirst indicator defining the next storage 
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